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M«?.f arV °^ r V S 819 Pr°"in s .ad virus-, i*. 
Particles, their production and th.i, „ " 
diagnostic assays and vaccines 



The invention relates both to the field of genetic 
m an lation b y means of the recombinant DM tech 9 noi C 

di:;:: « ::; r more ° f these «■<• - «» «e lds of 

cert, ClnS Prepara "°" ' The invention concerns 

certain viral proteins, which „ y or „ v not be in the tZ , 

o ::;r" lik ; particies - - hich — ^ =.» 

instance be used in assays for detecting antibodies directed 
■ <*.„ proteins, or can be used to obtain such 

the virus, or can be used for the incorporation therein of 
epitopes of proteins of other pathogenes to acccolish 
P- ection against these other pyogenes (and thus 0 « ers 
various possibilities of use for vaccination purposes, 

More particularly, the invention relates to the coat 
Proteins VPl and vpo „, »>, v oat 
virus liv» a " ParTOvit " s 219 and to 

virus Ufc . particles that consist of VP2 or of VP 1 ^ TO2 

The invention further comprises genetic information^ tTe 

:::L;™:::ro:r ssio " ™ - hi — -ru . 

the Proteins, and organisms that have acquired 

cuesttn " Pt0dU=e ^ Pr °" inS — P«"=l« '» 
question owing to genetic .nanipulation using such vectors 

in „7 TinT" ParVOVir " 819 — serendipitously discovered 
that t L SamPlSS ° f S ° me hSalthy bl0 ° d *»«•• Since 

so-ca led " l" " " fi " h diS " Se " " ° f th * 

anei^ietr L;rir:::: e : a r-- — — — ic 

fetal death „i th 1 associated with abortion and 

-ficie t P ; t Lnts s and " itb chronic ^ - i — 

syndro.es or „ '= ° CCUt Und « «"« 

-crid, 1 ":;::::;^"::: r r s * - hich is £;und - 

3-6 vears bur epidemics which ta*e place about every 

years, but « y occur sporadically in intervening years. 
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Today, fourteen vears aft«r t-H~ 

the diagnostics ' « or - discovery of the B19 v± 

ynostics i0 r mrection with the vim* 

performed in only a n mi > • 3rS Sti11 

onxy a limited number o^ l ? hor.^ ■ 
world. Because r** • ^oratories in the 

because the virus cannot be demonstra^H 

be obtained. sufficient antigen can 

The existing parvovirus mq 
with virus antia.n „■ . diagnostics are performed 

s an tigen which becomes avail ah i«, 
=-nc. Ucreenin, blood donors „ f ™ U * ^ °" » ^ss by 

^ 50,000 t hat vire.ic Moo d is ZlZ, ™ ^ ° f 1 

i. Pr i r =e t r:: i ir;;:: m : here is ■ *«« *«* «t i9 .„ „ hich 

none = f them has h "™ made , 

of a dia9nosti ; r t .«. r "" y US "" U1 ^ " e """ruction 

The present invent- in- i * ■ 

vention iS Dasea on the use of * n 
expression vector system that was develooed fai rlv 
viz. the "Baculovirns Fvnr • fairly recently, 

svstpm . ±OVlrus Expression Vector System", m this 

system use is m^nn ^ ^ 1 li1 -ls 

------ \^i™^ tvirus vect - ° f »» 

ni ■ califnrn 1r , nuclear nnl vhoH. 
vxrus (AcNPV* ^ ^~edr poiyhedrosis 

«» In vi.n f the SyS " raS ° f vector.: 

of the use ror diagnosti(: and possib 

expected against oroteins of t-ho , 
the insect c-ll s (in ' *. baculovirus or 

E coli th . ( -totems which are expressed in 

£.c^U, this cannot always be precluded) 



WO 91/04330 



• 



# 

PCI7NL90/00130 



b) The virus proteins can be oroduced in , „ 

detected on SDS- TO lvacr Y i amid . ° , ?* Pr ° t<!in ' 

19Sfi a " Yiamia - ?el (Summers and Smith 

1986, a m anual of methods for baculovirus vector and 

insect cell oni+-,, Ltor an a 

^<=ii culture orocednrpc. ~ ^ 

Virus Res. 35, 17 ,- I92) Z 9 K " 9 ' 1988; *■> 

J / i// ±y<?) . These are considerable 

-ounts than those produced in oro.arvotic expLs 
•y««. or in Chinese hamster ovarv cells 
^ K.Jigaya et al. (Blood 73,5, SD , «escr ib ed 

1988). ' SU - D P 1 - 1 - Ha, abstr. 86; 

<=> Th. proteins can be produced as non-fusion proteins ■ 

contrast to for- ~ , proteins / m 

^Biotechnology 5, 107 '. 108 o*, ^ * M ^ 

T lactosidase- 3 l 9 fusion prote.I ^"J^ ^ 
only ,n the presence of sodium dodecylsulphate ( SDS , h 
proteins VP! and VP 2 eiIp r e ssed in insect cells i' ' 
accordance with t„ a • . eUs ln 

with the invention, bv contra^ „ 
dissolved by scni - 1rst . . c °ntrast, can easily be 

^ soniiication of the rpii= ,• ~ 
contains 25 mM NaHCO w on * bUffer whic * 

-at MK ,5™ t e c " u ; 9/1 9 - 5) - *" »<* ' 

-iuble supernatant " ^ lnt ° 

> The proteins can be produced in an insect cell li . 

« easy to culture, as opposed to -he o Y "" 1Ch 

Proteins in human ervthro'.d bone Pr ° dUC " 0 " "i™. 

ciyinroia bone marrow cell <? /n-^ 
«i-/ 1^87; Blood 70, ^ u 

1- ' or human foetal ^™t->,*. 

liver cells /y^^.v,' 1 er ythroid 

Because in the baculovirus egression vector system 
and post-translation edifications occur, such as 
Phosphorylation, glycosv at i „„ ■ , 
and the removal ol ll^^ 7^ 
POt.nci.XX, very suitable for the^c Yo^ " 
biologrcally active proteins with a (virtually, 
-ructure „o„g Kang , 1988; Adv . ™ <™ 

»'-»2). in this system VPl and VP2 of B19 can be 
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expressed both separately and collectively. Moreover the 
possxbxlity exists that virus-like particles are 
spontaneously formed from one or more of these orote<ns 
f) An additional advantage of the baculovi rus is that < t 
does not multiply in mammalian cells and hence is not 
pathogenic for humans, which makes it much safer to work 
with and utilize this system. 

According to the invention it has actually been 
acco lished to produce in a y±eid fche ^ 

-d VP2 or the human parvovirus B19 in an ant igenically active 
form as non-fusion proteins, as virus-like particles or not 
using the baculovirus expression syscem in insect cells ' 
(SDfldfflt^ Xr^ip^) . Further/ it has been accompl . shed tQ 
aevelop, using the B19 virus proteins producing insect .lis 
a speciric and sensitive immunof luorescence-assay ( IFA) and a 
specific and sensitive Enzyme-Linked-Immuno-Sorbent-Assay 

Bl 9 dSteCti0n ° f - tibodi - ^-cted against the 

B19 virus proteins. However, on the basis of the B19 virus 
Proteins and virus-like particles produced in insect ceHs in 
coruormity with the invention, other diagnostic assays be 
developed as well, such as a Radio-Immuno-Assay (RIA) or an 
agglutination test. 

* h Jf inVenti ° n 15 P r ^il y embodied in recombinant VP1 
and vp 2 protein of the human parvovirus B19, formed in 

JLT^ip^ cells which, by means of a baculovirus 
expression vector system, have been equipped with the genetic 
-formation necessary f or expression of the B19 virus protein 

30 v .IT inV6nti0n C ° m - iSeS -combLnt 

virus-li.e particles which consist of VP 2 protein or of VP1 

and VP 2 protein of the human parvovirus Bi9, formed in 

tosip^ cells which , by means Qf a baculovirus 

expression vector system, ha- Ve been equipped with the genetic 
35 VP 2 protein «»««i<» of VP2 protein or of VP 1 
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Further, the invention is embodied in Wo^^a 
******* cells W nich, by me£ns of a baculc~f^ ress ion 
vector system, have been equioped wi*-h ,h ex P r ^ S10 n 
which is necessarv -or info ™^ion 
5 - h . h y eXpression °f VPl and/or VP 2 orotein o- 

5 Lhe human parvovirus B19. Protein or 

and/or^TT 0 " fU " heC Pr ° VideS ' m " h ° d ° f VPl 
the fo^ L ,° f hUMn P ™-= "9 (optionally i 

proteL 0 r rr: e particies uMch " e <* v, 2 

-auE^ia. ceils „ hlcn , by mesns of a baculov expression 

vector system, have been ^ genetic i 

"hich is necessary for egression of the e J vils " 

the B19 virus n™*- ■ virus protein or 

v^us proteins. Optionally and preferably the B19 
vzrus protein formed in the c-lls *nH/ 
r . une Cwiis and/or tne virus-liire 

5 particles formed in the c~H s • . 

of VPl ^ V P2 Drot .. consisting of VP 2 protein or 

and VP 2 protein are isolated from the cells A „,„•- K1 
method for rhar ~ USl A suitable 

3.5). T„e result of such a treatment is that a great part L 
the proteins present in tne cells, for instance 95 a" 
obtained in dissoived for. in the susernatant Bv k 
P-ification methods, the B19 virus prote n^ can b e , " 
at a higher purity. Can be "°i«ed 

expression";::::;; ^ ~ ed in ™— 

"hich is necessarTfo ^""^ Nation 

the human p.^. BiJT^T " ™ °< 

Prefers k 5°odoprp rn fjaaiE^ ceUs- 

Preferred embedments of such recombinant baculovirus 
expression vectors are the plasmids pAcBl 9VP1— ymi and 
pAcBl 9W 2-n,i, to be described hereinafter 

bac ul The inVenti ° n " fu "»« ^ied in recombinant 

y tor expression or v?l and/or vp? • 
human parvovirus B i 9 in , . Protein of the 

embodiments of «„„■ cells. Prererred 

tS ° f SUCn recombinant baculoviruses ar, i-h 
ACB19VP1L and AcB19VP2L, to b~ described h ^ ^ VlrUSes 

/ i-v a*, aescribed hereinafter. 
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expression vector svsr™ h baculovirus 

system, have been eauioped wifh «■* 
5 information necessarv for pipped with the genetic 

in an assay fo t " Session of the BIS virus protein, 

virus Protein L a sa ^ di "<*ed ^inst the B19 

P otem ln a sample to be tested. The invention 
comprises the use of- recombinant virus-. i k e part 
consist of VP 2 protein or of VP1 ^ ' Particles which 

L0 parvovirus Bl 9 formed c ^ W2 - Drot ^n of the human 

hv ia ir^ip^r^ cells whirh 

£>y means o-f a i • — LCIXS wnicn, 

y ns of a baculovxrus expression vector system h, u 
equipped with the aen*i- i ~ • - system, have been 

e genetic mrormation necessarv 
or these B19 virus proteins ^ an eCSSSarv fo ^ expression 

antibodies directed a« * ^ detectin ? 

irected against the B19 vim* „ a 
5 tested, m preferrpH , _ lrUS ln a sample to be 

prererred embodiment * ^~ • 
concerns the use of <; „ °^ the invention, this 

eans of a baculovirus expression vector svstem h, k 
equipped with the aenet i r <„ f . s y st «». have been 

expression of VP1 I„" /or w2 """" ±S M """* <" 

1 B19, in an assay fo " \ " *" ^ hUman P««o Tl r». 

B!9 virus pro" L £ a '""^^ against the 

in « IFA or ELISS fo " * " Sted < Particularly 

- -» :::Lri;Ti::L\T::t;teT- ced — 
-.uci:; ri::;: rt;™:::: a vaccine p — - - 

the hu m an parvovirus ° ' ""^ Paction against 

VP2 protein of the hul„' 9 ""^^ VPl and/or 

cells „ hl cTb US B19 ' ^ " 

™«or Syste . ha ve b m " nS ° f ' taCUl ° Vir - -Passion 

necessary £ ^ s T "" ^ """-"on 

x ^ expression of t'^ riq 

antigenically active • Protein, or an 

p-ein, in c ™ oT:::: :; e rm™ inant 319 — 

a^uvants suitable for ^^^.^^ 
vaccine preparation for <„duc±ne an"' further, a 

Provides protection a. ■ M lramUne response which 

comn • • teCtl ° n gainst the human parvovirus B19 

,P " Sln9 rK — — - -ich Hist of 
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genetic inrormation necess?rw ^ 
5 B19 virus proteins . h . ecess "- v expression of these 

and/or „rt combination with one or more carrWs 

and/or ad3 nvants suitanie for vaccination purposes. 

VP1 J^or"^"™ ' Urth ' r COmPriS " <* "eminent 

0 formed in celis which ^metsT. 

virus protein or J «f the B19 

-co^La„: vir " "^'-^""y -ive Portion of this 

' »hi=h provides prot , ind " Cin9 " ™«P«» 

::: :::: :r 2 rr °< wi -< - — - - 
of other ^t.rj^rr of 

—sponse which provides ^^. t 
Shown VlyiTeTr" 1 SeCti °" " fOU °" it is 

« «.ie: y o:: :;:r — ; d ^rrr" r 

^^roVlT— — ^ - —'^proteins 

of the human parvovirus B19 were isol.t-^ * 
B19 virus from the sen,, • isolated from the 

steps in pUCl 9 a n d nrT & ^ V±a Cloning 

baculn P ' B19 ~ DNA Was ^°ned into the 

bac ulo vxrus vector p AciM1 behind ^ ° the 

POlyhedrin gene of t-h* k= ■, 

of this recI^inlVv ct " :t V h lrUS id By °' 
Allowed by recordation J , " >»«iovirus DNA , 

iiMiBsr^,, finals ""^ '^'^^ 

^1 , ly ' ««»»«..« virus was isolated which, 

t- e^r^rjr^ r " the —° - 

- - form of virus-ii, ^'Z^™ ^"s, 
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sens.txve and specific i FA and £LISA 

enabling fast and , * ***** deveioped, 

The proteins produced in thi, B19 ^Pecxfic antibodies 

5 ° btain ^* "tigen, £or ot L r ? as easi ly 

and a gglutination for t £ ? ^ " ^ 

vaccines and subunit vaccines (P °" ibl *> Production of 

10 Fic i 

ri y- l shows the opnon^ 

genetxc structure ^- t-v, 

parvovirus B19 wh • h • re 0i th e human 

»«» a bout 5M0 ;: cl :: t : d ; s in ^;- st ; Mded dna virus ^ • 

contain the sequMce " 2 '° 6 ^ nucleotides 2444-4767 
nucleotides 3125-4 78,17. ^ " d the 

■ Not shown are the " " W"'* r qUenCe C ° di ^ <« »" (58 
the nucleotides 2177 and 21 95 d ° n ° r - Sit «' Seated between 
Seated between the „ , 2 "«P'«-»ite S , 

production o, w 2 lu 3043 3050 ' '« *»• 

> intermediate ser ene 9 <*• 
ace sequence (nucleotides 2177-3t)5n >. • ,. 

"e Vitiation codon for v»l, i, ' hiCh incl "d« 

Fig. 1 furth. „ removed by splicing. 

construction ofrelol ^ Cl0ni " 9 '« ^ 

™— ^-lovirus wi th huinan parvovirus 

Sample 1: Expre ssion of parvovirus B19 V P1 . 

1- Isoiation of parvovirus si 9 DNA f>™, 
«ter B1 S DNA was demonstrated L thl ^ Um - 
"eans of the ■■polymerase chain " °' " " timt ^ 

Hybridization with B19 ! " a «ion« and Dot-Spot- 

it by incubation with pro^L^ !" ^ 

incubated at 37°c for 2 Twt-H ,nn S ° S U nl s «™ »« 

-ch contained 10 mM Ir ^'r'"™ K ^ " — 

»S,. phenol extraction for l^,t. B ZT" 

y cne Protein and DNA 
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:r:r;n:;°: t by means o£ • th - wi - »• ™* - « «. 

3rn K 0 c Bl9- S peciric DNA 



2. Subcloning into P UC19 (Fi Q . i, 
The t hn±ques for fche mani? - lacions 

Plasmxd-DNA were essentially earned out a, -k 
10 Maniatis et al (1982 . Mol , " describ ^ by 

a± . iiya^; Molecular c'oninf =. i=x 
manual). The B19 n Ma 9 ' 3 Moratory 

(bp <9 20) and ^ ^ ^ 2 ^ **I 

(bp .920) and lig ated inCo ?UC19 ^ with 

so as to obtain a larger amount of — cociino sea ^ 
ligatina ScaT in c T . ■ cooing sequence. (Bv 

y -ng ical m Ss&i, this cutting s i t ~ Wfl - r - mn 
ic _-. . , y was removea) Thp 

Pl.»xd obtained < P U C1 9-B1 9VP i , „ as 2SMVed by restr c Jon 

^rr: ;r. h ™— - — oLdt-rr 

p yacea in jmioi. 

3. Subcloning into pUC7 (F^'g i) 

0 i;::t t :T:rr r the en_ds ° f the 819 d - «- - - 

and ^ RI - and " SS cut •° 0C " "ith ^dm 

so with Scai , 0 remove the residue of the 
vector DNA Th P riq hm* - 

" The B19 DNA fragment with, the orooe- len^h 
> isolated from agarose ael • • 9 W3S 

<=v- yarose gel, ullea in with "Klenow larao 

fragment polvrnera<! P " =„w i • . ow -Large 

Polymerase and ligated with Hinc~I cu^ n nn i 
<also blunt _ ended) . The Ugated - - P- P^d 

t,an 5formed tQ and propagated ^ £ ^ « 

spec itlc D NA probe (the 700bp ^ 9 
« «lw 1989; J. VIrol.Ktth. 23, 19 . 28) . 

4^ Cloning into the baculoviru! 

:iL e ::::r:: c ::; i::r acions - ith tha — r ™' - 

ector and the insect cells were essentially 
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performed as desrriH^ k 

by Summe " and Smith in 19fl fi , 
or methods for baculovirus v-ctor and ■ m3nUal 
procedures) The res^ • Cel1 CUlture 

P-oter of tne .acu^r:^:"^^^;:: 
5 also contains an internal Ml . a ^ the ro ilow ^ ^ ^ 
was opted for: the B19 dma rollowmg strategy 

cue uiy DNA was cut from r^nrn ■ 

the remaining part of uUci lth £CSRI and 

y pure or pUC7 was cut with SraT • 

digestion is not necessarv , ■ 

DNA was isolated f T ° f W2 ° NA) • T ^ B19 

- -testina aILT; the h 9e1 ' d ~hor y li 2ed with Calf 

di9 ""°- *» « : ith - h r^^/ ■ -« ial 

^ proper l eng th (2 . 5 fcb fQr * ^"^ag^ent „ it „ 

seated „itn c „ (Matsuura P - C « taWI and 

5 1233-1250) T ho ! ■ ' J - Gen - Virol. 68 

^0) . The plasmid ( P AcB19VP1-ym1) thu^ ■ 
Propagated i n ^ col, thus Earned was 

— HB101. Recombinant Dla<?miHo 

analyzed for- t-h~ P-Lasmids were 

Y t0r the Presence of B19 DNA fwit-h 
Probes) and the proper or - speexfic B19 DNA 

proper orientation ther^nr . 
P»lyhedrin P ro m o t « (by means of resLlc, o„ " 
> Constructs with the p ori-ntatL anal * si *> ■ 

-olated fro m the bact-riaX dn ,nd 
boiling. method of „ oi ; e " aCCOrdin * to "<*• rapid 
u or H olmes and Quiqlev mqai. * 

. — a £i „ al purificaEi J J .'-^;4^ t -- »«. 

S^Cotransrection „ith „ ild type ^ ^ 

By means of a cotransf ection of the pAcBl 9VP!-v M1 

»«h wild type baculovirus DNA * =B ; "1 M =°" str "« 

^to t h e insect cells .^.^J^^^Zs^ 

-thod II of supers and South iJ^T^ 'according to 

baculovirus vector and insect a.lTL™^ °' ""^ 

0-5-3.0% of th. i„* ■ culture procedures). In 

.pAcBl^l-vMU the reco^inanc vector 

" YM1) "combines with th- wild t- 
the uptake into the C -H s th ^ VlrUS ° NA 

LUC "w-XXS, thus qfen^r^n'nrr 

wnxch contains the B19 DNA • AcBlLw " reCOmbinanC virus 

b - -Pl-ed by the vpi DNA ^n Exa ' i ? POl ^« ^ne has 

(in E ^ample 2, in which the 
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for.ation of a recombinant virus AcB19VP2L is described, ov 

the VP 2 DNA) . y 

6. Purification of recombinant virus (AcB19VPi L and 
5 AcB 1 9VP2L) . 

The titre of the virus (both wild type and recombinant, 
produced by the Sf ceils was determined by means of a plaoue 
assay. Twenty plaque-forming units (pfu) , ece plaMd J ^ 
monolayer of Sf-celis in a 96 -„ e ll plate ,20 pfu/well, and 
0 incubated at 27-c. Three days after the infection the 

supernatants were removed and retained and the cells were 
lysed and spotted on nitrocellulose (Pet et al . , i 989 . Nuc] 
Aci^ «... 17, ,51,. screens for the presence of "ccj „ t 
virus was performed with , parvovirus Bl 9 -speci £ ic 
The titre of the wells containing the collected supernatant ' 
of recombinant virus was determined by means of a piaaue assay 
«d then diluted to 1 pf u/ „ e n on . 96 . well plate . P Aft ^ ^ 
screening as described hereinabove with the dot-spot - 
hyorrdi 2 ation assay the titre of the positive supernatants was 
determined in a pla q ue assay and furthermore screening for the 
absence of the polyhedrin protein in the places was done 

a microscope, indicating that the pl a q „e contains 
recombinant virus. These plagues were inoculated on a Sf- 
monoiayer in a 9 S-well plate . fl fter three days dot-spot- 
hybrioi 2 ation was repeated and positive wells were assayed in 

t« ZL7 ay \:T """ bi -"« PU« when 

less than 1 r„ 500 plaques contained wild type virus. 

1. Assay of the recombinant virus <AcB19VPlL, 

ls r o°L C eT infSCted " ith " eMbin '« — ' "'al DNA was 
-sola e a , cuc „ lth restriction en2 ^ s f<>1 

Pure recombinant virus was used to infect insect cells (Sf, 
11:: m '°- 1 -. o f infection, of 1-5 and t 

-press parvovirus VP 1 and VP2 in these cells. Then the coat 
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Proteins VPl and VP2 of thfi human Darv 

the bac ulovirus expression vecCQr at W L taLLr / n 
assayed with the techniqugs hereinbel ^ 2ed 

5 8. Biosynthesis of recombinant v°i 

Two days infection with recombinant virus 

f rr i:"; c 110 sf T iis in 35 ~— — » 

Which 100 UC1 35 S " h 7 hl0nine -'" e to 

0 th e de ,o.r :r ine been added ' ^ 

syntnesia of crocexns Af*- 0 r ^v,^ 
di scarrier) ^ u " ■ Wcer tne supernatant was 

axscarded, the cells were olaced in PBS /„■„ v, 
saline) Both ' (pnosphate buffered 

e) ' Both supernatant and cell f- af -n rtn 
i • <-cxj. reaction were n sf> 0 ^ ,■ 

. ^'"yl-id. 9.1. The sa m e exp eri „ ents ; ere p^-^ed 7 „ 

3 uninfectPH • 1 ^ perrormed with 

nfected and wild type baculovirus-inf ected cells 
Autoradiography (not shown) revealed that rh. , u' 
(30kd) which h™,- «. , S pol y hed rin band 

d) whxch dominated strongly in the wild infection 
disappeared in , . ^ -i-nrection, 

ppeared xn the recombxnant viruses and that a protein of 
the size of the VPl of B19 (Rava, P^otexn of 

or bis (84kd) was synthesized. 

9- Analysis for SDS-PAGE 

After infection with recombinant virus (m o i 5, S ood „ 

cells were analyzed for 5 davs fo " 
of VPl of B1Q ,, " ° r ths Production 

".rT.JL " " °" SDS -P=ly«ryWd. gel. The gels 

were stained with "fast arepn" th^ 

revealed thai- ^ ults (not shown) 

- : ProduC e d in co™ Para ;L i i::;:;t™\;-; 5 da - 

Polyhedr.n protein in „ ild type baculovirus _ infected 

10. Antigenicity of the produced proteins. 
100 ng of protein of cell lysates of sf-c-l. s , . 
infection (m o i „ . days a "er 

SDS-ool ' iLde SU ° W " d " • 1 «««P'»«.i. on 10* 

in 25*^ T " « l"' blOC " d " <3 h.- 70V 

sera were tested f ™ eCha " 0l) ' The " 20 » 

tested tor reactivity with the recombinant VP 1 



human 
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antigen ,15 Ig G - po sitive se „ and 5 Ig( . 

react lons were performed ac room temperature: overnight 
bloc^g by incubation of the nitrocellulose filter I »BS/ 5- 

s T£ T sarum <FCS,/ °- 051 T — 2o - - - 

the ! " f " P ° SitiVe — a " d d "«ion for 

the negative sera) diluted in PBS/ 5% FCS for 1 5 h , , , 

by washing of the filters for 1 h with ,b s ".3 ten o^al 

with 1:500 diluted a — * p-».*.t.„ 

^ Fhib/ 0.05% Tween 20/ ^a-mc 

xween 20 and 2x 'n PBS bo' ±» PBS/ 0.05* 

c , PBS " bound antibodies were detected with 

;r ir;:r ro ~ 3 ~ indoiyi phospha " ™»> ■ » — ;~ 

and t !: . reaC " d " iCh "«>"""«"t VP1 band on the gel 

the 5 negative I gG sera did not yield any reaction. 

Testin 9 ^ra in a „ immunofluorescence assay 
S.-cells infected with recombinant virus ,AcB19VPlL, moil) 
were placed in TC100 medium (Gibco— BRL) after 3-4 d ' 
with uninfected „,u Y ' mlxed 

of , P C ° 3 P««"«9* °£ approximately 25% 

of cells containing B19 recombinant VPl and spotted on , 8-„ 1 

' eii (S V-D and arter drying in the 

. . . ro "i":;r-:v-- h human se - ,positi - ~- 

hl . 9> dlrie "« dilutions in VBS (veronal 

for a 6 "" d :; t line ' ' '"treated with liver powder 

a .educ tl on or possible background colouring. After 

P3S ana ar.ed in the ait before incubation with al .. 0 
cTno°\Z FITC - libellSd ^at-anti- h uman- IgG (Kallestad, 

tt in ™ s " ith 1:500 " Evans Biue ~ <H °"— - 

T " After " iShi ^ « and drying i„ the air 

Trrs/giycerol buffer ,lg Tri - S in PBS> 80% glycerol _ H 

s aooed and analysis done under the UV-microscope . In 319- 
s Wlth positive patient ser-= t hfl ^, 

^ Snt Sera the fluorescent cells could 
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observed. The usefulness of the B19-IFA was tested in a 
number of experiment, as described hereinbelow: 

a) "Double-blind" experiment. 

!l p ;::; t d i::; i :r "r aocordin9 to the — 

dilutions, without the "investiaat-nr" i. 

- t he _ posltive and which j ri ;: iv r°ni" hich 

reading by several ™ i y e * Aiter 

the data I Sral C °- W ° rkerS the —Its were compared w.'th 
the data f rom the RIA tejJt - 

H3-130): in the B19-IFA all 17 Icr ;\ 1983 ' J " ' 9l ' 

Positive and all 13 lCT ' ^"Pos.t.ve sera were read as 

na ail 13 IgG-negative sera as negative. 

b) Titration 



°f a number of B19-anHK^ • . 

to the test , & ' Y P ° SltlVe — (Positive according 

6 test resul ts of the RIA, performed wit-h ■ • 
from serum as antioen Poh p «- to ™ e <* ^th virus isolated 

ailt --Lyen, Cohen et al iqpq. T tf 

130) an IFA-titr-. , Hyg ' 9l ' 1 13 ~ 

xtA titre was determined. Results *r-» 
Table 1 The d*t-» , results are summarized in 

The data reveal that this B19-IFA yields result-, 
corresponding to the RTA Y results 

r - - aLo hav ; ::: h t:: e n: r.r ff rjr - 1 ™ 
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Table i • 


Comparison bet ween 


RIA and 




ann lDodies 






c: 

5 


IgG 




IgM 










IFA (tlfy-o) 


RIA (a 




100 


8 192 


>100 




100 


>16 384 


88 




91 


>16 384 


50 


1 U 


70 


8 192 


31 




55 


8 192 


25 




40 


8 192 


16 




25 


8 192 


16 




13.3 


4 096 


8.3 


± 3 


1 1 


4 096 


5.3 




8 . 4 


1 024 


5 




7 . 6 


512 


4 . 4 




4 . 2 


512 


4 . 1 




4.0 


512 


3.1 


20 


2.5 


<32 


3.4/2.9 




1.8 


128 


3.3 




1.2 


<32 


2.3/1.9 




<1 


<32 


1 . 6 




<1 


<32 


<1 


25 


<1 


<32 


<1 



IFA fM>r o| 

1 280 
1 280 

1 280 

2 560 
1 280 

640 
320 
40 
<10 
80 
10 
40 
10 
<10 
160 
<10 
<10 
<10 
<10 



30 



35 



a.u. - arbitrary units; <1 = negative value RIA; <32 = 
negative value I FA at lowest dilution of IgG; <10 = negative 
value IFA at lowest dilution of IGM. 

c) Screening of donors. 

100 randomly selected blood donors were screened for th- 
presence of Bl 9 - S pecific W antibodies and the results^showed 
that ,n thxs B19-IFA 76% of the donors were positive, which 
corresponds very well with the data as described for the human 
parvovirus B19 for this age-group. 
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Example 2: Expression of parvovirus B19 VP 2 . 

Subcloning of VP2 into pUC7. 

5 Clonincr of thp \ro o ^ - 

y une VP 2 or narvovir US Big ^- r , . . 
thai- h^o k * started rrom the B19 DNA 

desL lbed % lnt ° PUC19 aCC ° rdi "' « «» 

descried ln Example i under points x and 2 R t 

10 agarose e T rt **" <bP3083) ^ <»« 

yaiuse gel, filled in wit-h , 

««i Klenow large fragment DNA 

n : ;: c r r:: r ii9ated - ith ^ ^ - — ^ 

aZT IZ ,PUC7 - B "- 2 » «» «»- Prepared in E .J^ 

JMioi. Bacterium colonies were then t^r P d < rt 

a B19-!nsertion h, tested .or the presence of 

-usertion by means of r°stnV<-;on ^ 
15 hybridization with a B19 « r ; = tric -">" ="^e analysis and 

«. <»a.» ed a S descij; or ^ :T"', the same pr ° cedure 

4-7 to general u ■ Example 1 under in 

£or W V t »»culovir«, with the DNA coding 

20 inseH ceils s :;r P ™^ « produce VP 2 in the " 

-Liiiecc cells (AcB19VP2L) 

™ i:™; 0 - of parvovirus 319 vpi - d — 

erection of insect cells 

r 1 t :: d ::; 9vp2L ' m -°- i - s ' — <»« — 

mm .etri dish) were cultured for 4 h at- ? 7 °r • 
methionine-free "rr^c ^- C ln 

had h medlUm t0 Which 100 ^i 35 s _ methion . ne 

30 prot n ^ d — ^ * -vo synthesis of 

m PBS (phosphate buffered saHne) R^h * 
and cell f ra ^ • ne) • Both su Pernatant 

^ a :r : 0 ;r,r:: d in i lysin3 buffer - boiied 5 

" SDS -Polyacrylamide gel The =^m a 

experiments were performed wirh ■ - 
35 baculovirus-infecterdTl Uninrected «d wild type 

revealed that the AUC °" dlo *«P«y (not shown) 

that the polynedrin band (30kd), which dominated 
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strongly in the wild type infection, disappeared in the C -H s 
mrected with the recombinant viruses and that oroteins of a _ 
size of the VP1 (84 kD) and the VP 2 (58 kD) of B19 were 
synthesized. The results were confirmed by SDS-PAGE analysis 
5 as described in Example 1 under point 9. 

Example 4: Production and purification of VP 2 capsid protein 

of human parvovirus strain B19 

10 Sf-cells were infected with the VP2-recombinant baculovirus 
(m -°- i - 20) • 72 h aft « -e initiation of the infection the 
cells were washed in PBS, harvested and then sonicated in PBS 
Cell debris was removed by means of centrif ugation (10 min 
1,000 x g), after which the supernatant was placed on a 40% 
~5 sucrose cushion and centrif ugation was performed for 2 5 h at 
100,000 x g. The pellet was resuspended in PBS and then 
separated on a linear sucrose gradient (15-30%, w/w, After 
centrifugation for 2.5 h at 110,000 x g an opalescent band was 
observed. Material from this band was examined by electron 
-0 microscopy. Particles were found that showed great similaritv 
L ° Parvovirus capsid as to diameter (approximately 21 nnj 

and morphology. After analysis of the sucrose gradient 
fraction by means of SDS-PAGE and silver staining a Drot ein 
was found of the size of VP2 (58K) . By means of radio-immuno- 
precxpxtation and Western blot analysis with a human se^um 
specrxc for parvovirus B19, it was demonstrated that the VP 2 
protexn is indeed involved here. The fact that after silver 
staxning no other proteins were detected points to a high 
aegree of purity. The amount of protein in the gradient 
tractions enriched for the particles was determined by means 
o. the Bradford procedure. On the basis of the data obtained 
the number of particles per injected insect cell was estimated 
at least i 0 5, ic being assWd that each particle . s ^ 

up or 60 molecules. To determine whether the purified VP 2 
Particles can be used for setting up a diagnostic test, an 
.LISA was performed with 8 B19- ? ositive and 3 319-negative 
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human sera, m Table 2 the result. ™ ^ • ■ 

obtains * • results are compared with those 

obtained tor purxfied recombinant VP1 protein. All B19- 
poaxtive sera recognized the VP 2 capsids. Moreover, for seven 
of the eight sera the reaction with the VP2 capsids prove, 
5 -re strongly positive than that with the purified v'l 
protein . 



^l£_2: ELISA for demonstrat inc 
antibodies in 11 hui 
protein as antigens 



10 • lg parvovi rus-specific 

antxbod.es xn 11 human sera with recombinant VP1 and VP 2 



Extinction* numjQer Qf sera 

~ siu^i^LYPj vp_2 oarr^i^ 

3 3 
0.5-1.0 ? 

z 0 
1.0-2.0 c 

3 0 
>2.0 2 

20 8 



Extinction < 0 . 5 : negative; > 0 . 5 : positi 



ve 



-v 
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1- Recombinant VPi Drotein of t-h~ v, 
f ormed in Saodopte^ - \ ° f the human Parvovirus Bl 9/ 

^d^t^ ^ain^raa cells which bv means o- - 
baculovirus expression vector svstem h w = 

g ene tic information that \ 7 ^ ^ ^h 
5 the B19 virus protein VPI. £Cess -y expression of 

2. 52^^ toai^^ cells which 

VP.1 protein of t-h« u necessary for expression of 

^ p o«in or the numan parvovirus B19. 

3- A method of Droducina VPl -,».«♦. • 
parvovirus bi <5 h *, Protein or the human 

P B19 by culturing 5^^^ ZXUOi^^ cells wh • h 

by means of a barni™< a cells wnich 

a baculovirus expression vector sv ^ Pm - n 
provided with t-h~ . system nave been 

^ne B19 virus protein VPl . 

4. A method according to claim t k • 

Protein formed in the cells " ^ 819 VirUS 

cr p * thS ° ells 13 related from the ceHs 

of vp, P ro\ei : f ;;: ::ir P ; hich . is necessar - v f ~ 

cells. virus B19 in S^^^ 

^ 6. Recombinant baculovirus expression vector pAcBlSvPx- 

of the human parvovirus ^19 c eXPreSS± ° n ° f ^ P«*ein 
8 Re, !• ^ ^^^^^^^ tooir^ cells 

8. Recombinant baculovirus AcB19VPlL 
9- The use of recombinant VPl protein of th . h 
parvovirus B19, formed in Soodont-. ^ 
means of a baculnvi ^ i^ipj^ cells which bv 

a baculovirus expression vector SV c tM k 
equiooed with f ho r s y s tem have been 

with the genetic information that is 
expression of fhe B19 virus orotein VP! in eCSSSary f ° r 

detecting antibodies directed 33337 ^ 

ACi directed against r hp ma , • 

VPl in a sample to be tested. ^ Pr ° tein 



WO 91/04330 




PCT/NL90/00130 



20 



of . r T' " S£2£tet£ " ixmiMzm cells which bv means 

of a bacuiovirus expression vector system have been " »" 

"ith the genetic information chat is necessarv ,„ ' 
of VPl protein „,,i , necessary for expression 

5 dete,t Parvovirus B19, in an assay for 

VP L a n9 sa ant r° di " dirSOted a9SinSt B19 — P"'." 

vi^i an a sample to be tested. 

of a ^ ^ SmSk22i£ ^ toglB^ cells which by me an s 

of a .culoviru. expression vect. system have been e J TOe T 
with the genetic information that is necessarv * 
10 of VPl protein nf t-h k necessary for expression 

_ Protein of the human parvovirus B19, in an IFA Qr £Lr _ a 

for detecting antibodies directed against the Bl 9 virus 
protean VPl in a sample tQ be Vlrus 

which"rov\d^ C pl e te P It eParati0n ^ ~ 

15 rom .*. Protection against the human parvovirus B19 

comprxsmg recombinant VPl protein of thP h 

--ormed in ssc^ L^^—^ZZ^ a 

:;::??" ™ — 

Of the B19 vir ° n """""^ *" "» "P-ssion 

20 portion of th Pr0tei " " " «"««*««y «ti*. 

portion or this recombinant B19 virus protein VPl, in 

ut::r;: uith one ° r — — 

suitable for vaccination purposes. 

parvovirus^r^ T^"*" W1 <* hu M „ 

25 means of a L \ " SB2dSE1 ^ ^^la^ cells which by 

sans of a baculovirus expression vector system have been 
dipped with the g enetic information that is necessary for 
expression of the B19 virus VPl n «=«sary for 

aw-iv. ' r Wlth an antigenicallv 

" POrtl ° n ° f th " recombinant B19 virus protein 

30 :::z:i an iMne — ~ p^.«l . ff .". t 

cne ^uman parvovirus B19. y nsc 

formed''' * eC °'" 1: ' inanC W2 of the human parvovirus B19 

f°™d in So^t^ f^^p^a cells which by means J . ' 

Le":;:::: expressi ° n — tee „ eqnlPP . d „ ith 

3= =he bH ::! m " i0n 13 neCeSS "" V '« •*P«»ion of 

ne axy virus protein VP2 . 
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15. Recombinant virus-like particles consisting of v*2 
P-texn of the human parvovirus B19, formed in 

cells which by means of a bacu loviruHxte^Ion 
vec to em have been equipped genetic ^ 

that x, necessary for the expression of the B19 virus protein 



16. i^iso^ ir^al^r^ cells wh±ch foy ^ ^ 

T: 1 ,:::::: expression vector system - we — 

10 VP2 LoT formation that is necessary for expression of 
P^otexn of the human parvovirus B19. 
17. A method of producing VP2 protein of the human 
0 7 VlrUS B19 ' « d '~ virus-like particles consisting of VP2 
M ^ hUm - -—virus B19, by cuituring SsJL^T 

cells which by means of a baculovirus g e ^f^ 

thatT s T tem ^ eqU±PPed ~ C information 

that necessary for expression of the B19 virus protein VP 2 

orote 'VP? 6 ' aCC ° rding C ° Cla±m 11 ' the 319 virus 

protein VP2 and/or virus-like particles consisting of VP 2 

protexn of the human parvovirus B19 formed in the cells are 
20 isolated from the cells. 

with the " eC T inant baCUl ° Vi - S «Pre»3ion vector, eguiooed 

with the genetxc information that is necessarv for p 

of VP 2 orotein of ^ho >, necessary for expression 

Protein of the human parvovirus B19 in Soodon^„ 
truer-, n^rda. cells. " 

25 20. Recombinant baculovirus expression vector 

pAcB19VP2-YMl . 

ln ,„ 21 - Rec °^^ baculovirus. equipped „ith the genetic 

7 U °° th " iS »««»ry *or expression of VP 2 pro te n of 
the human parvovirus BIS in Soop-on^ fr , m ,„.^. c.^. 

22. Recombinant baculovirus AcBl 9VP2L . 

Da™"' ° f re °° mbin ^ t W2 Pro«i„ of the human 

parvo B19 , and/or of virus _ lifce pacticles co „ sist 

VP2 protean of the human parvovirus B19. formed in SboJL". 
******* cells »hich bv means of a baculovirus exfre^oT 

: ist:i: S aT.-: een e ^ - h <*• — 

necessary .or expression of the B19 virus protein VP2, 
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expression 



in an assay for detecting antibodies directed against t h. B 19 
virus protein VP2 in a sample to be tested. 

24. The use of Soodp ot.r, faa^o.rda cells which by means 
5 lit t b h aCUl ° VirUS ion vector system have been equipped 

with the genetic information which is necessary for exo~ s 
of VP2 protein of the human parvovirus B19 in an assay* for 
^eating antibodies directed against the B19 virus protein 
VP2 m a sample to be tested. 

10 of ^ ° f XttiaiBerd* cells which bv means 

of a baculovirus expression vector system have been echoed 

TV 2 T et±C inf ° rmati0n thSt is ™ary for expression 
of VP2 protein of the human parvovirus B19 in an IFA or ^LISA 
ror detecting antibodies directed against the B19 virus 
protein VP2 in a sample to be tested. 

15 wh - A VaCCinS pre P aration *>r inducing an immune response 

which provides protection against the human parvovirus B19 
comprising recombinant VP 2 protein of the human parvovirus' 
Bl 9 and/or virus-li ke particles consisting of VP2 protein of 
the human parvovirus B19, formed in frucr<n< , yH . 
cells which by means of a baculovirus expression vector svstem 
have been equipped with the genetic information that is " 
necessary for expression of the B19 virus protein VP2, or 
antigenically active portion of this recombinant B19 viru, 
Protein VP2, in combination with one or more carriers and/or 
adjuvants suitable for vaccination purposes. 

27. The use of recombinant VP 2 protein of the human 
parvovirus B19, and/or of virus-lixe particles consisting of 
VP2 protein of the human parvovirus B19, formed in 



20 



an 

rus 
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era. 



30 



^^r^ cells which by means of a baculovirus expression 
vector system have been equipped with the genetic information 
that is necessary for expression of the B19 virus protean VP2 
or with an antigenically active portion of this recombinant ' 
v^us protein VP2, for inducing an immune response which 
^ provides protection against the human parvovirus B19 

28. Recombinant virus-like particles consisting of v-i 
and VP2 protein of the human parvovirus B19, formed in 
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Sopdppf .era, fruerioerria cells which by means of a baculovirus 
expression vector system have been equipped with the genetic 
information that is necessary for expression of these B19 
virus proteins. 

29. SoodoDt era fruaiperda cells which by means of a 
baculovirus expression vector system have been equipped with 
the genetic information that is necessary for expression of 
VP1 and VP 2 protein of the human parvovirus B19. 

30. A method of producing VPl and VP 2 protein of the 
human parvovirus B19, and/or virus-like particles consisting 
of VPl and VP 2 protein of the human parvovirus B19, by 
culturing SoodOPtera fruaioerda cells which by means of a 
baculovirus expression vector system have been equipped with 
the genetic information that is necessary for expression of 

15 these B19 virus proteins. 

31. A method according to claim 30, wherein the B19 virus 
proteins and/or virus-like particles consisting of such 
proteins, formed in the cells, are isolated from the cells. 

32. Recombinant baculovirus expression vector, equipped 
with the genetic information which is necessary for expression 
of VPl and VP 2 protein of the human parvovirus B19 in 
Sppdont^T-* f rucripprHa cells. 

33. Recombinant baculovirus, equipped with the genetic 
information that is necessary for expression of VPl and VP 2 
protein of the human parvovirus B19 in Sopriont^ra fruqinprria 
cells. 

34. The use of recombinant virus-like particles 
consisting of VPl and VP 2 protein of the human parvovirus B19 
formed in SPOdppf e>-a, Jrugiperda cells which by means of a 
baculovirus expression vector system have been equipped with 
the genetic information that is necessary for the expression 
of these B19 virus proteins, in an assay for detecting 
antibodies directed againsfthe B19 virus in a sample to be' 
tested. 

35. The use of Spodpotera frucrjporda cells which bv means 
of a baculovirus expression vector system have been equipped 
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wxth the genetic information which is necessary for exoression 
or VPl and VP 2 protein of the human parvovirus B19, in an 
assay for detecting antibodies directed against the B19 virus 
xn a sample to be tested. 
5 35. The use of SoodonfP^ fryainer^ cells which bv means 

of a baculovirus expression vector system have been equipped 
wxth tne genetic information which is necessary for expression 
of VPl and VP 2 protein of the human parvovirus B19, in an IF A 
or ELISA for detecting antibodies directed against the B19 
10 virus in a sample to be tested. 

37. A vaccine preparation for inducing an immune response 
whxch provides protection against the human parvovirus B19 
comprising recombinant virus-like particles consisting of VPl 
and VP 2 protein of the human parvovirus B19, formed in 

iruccip^rda cells which by means of a baculovirus 
expression vector system have been equipped with the genetic 
information that is necessary for expression of these B19 
virus proteins, in combination with one or more carriers 
and/or adjuvants suitable for vaccination purposes. 
0 38. The use of recombinant virus-like particles 

consisting of VP 1 and VP 2 protein of the human parvovirus B19 
formed in SPQdop t. ra frugjperda cells which bv means of a 
baculovirus expression vector system have been equipped with 
_ the genetic information that is necessary for expression of 
o these 319 virus proteins, for inducing an immune response 
which provides protection against the human parvovirus B19 

39. Recombinant virus-like particles, comprising VP2 
protexn of the human parvovirus B19, one or more epitopes of 
protexns of other pathogenes having been incorporated into 
saxd VP 2 protein, said particles having been formed in 
So 0 < iont-r a xr^^ cells wh . ch by means Qf a baculov . rus 

expression vector system have been equipped with the genetic 
information that is necessary for expression of the modified 
VP2 protein. 

40. gpodc.pt fruaioerda cells which by means of a 
baculovirus expression vector system have been equipped with 
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the genetic information that is necessary for expression or 
VP2 protein of the human parvovirus 819, one or more eoitooes 
of proteins of other pathogenes having been incorporated <nto 
said VP 2 proteins . 

41. A method of producing virus-like oarticles, 
comprising VP 2 protein of the human parvovirus Big/one or 
more epitopes of proteins of other pathogenes having been 
incorporated into said VP 2 protein, by culturing Soorinnt-^, 
rrUq<n<>rf1 a Cells which ^ "leans of a baculovirus expression 
vector system have been equipped with the genetic information 
wnxch xs necessary for expression of the modified VP 2 protein. 

42. A method according to claim 41, wherein the virus- 
like particles formed in the cells, comprising VP 2 protean of 
the human parvovirus B19, into which VP 2 protein one or more 
epxtopes of proteins of other pathogenes have been 
incorporated, are isolated from the cells . 

43. Recombinant baculovirus expression vector, equipped 
wxth the genetic information that is necessary for expression 
xn Spodppt^r* tosio^ cells of VP 2 protein of the human 
parvovirus B19, one or more epitopes of proteins of other 
pathogenes having been incorporated into said VP 2 orotein. 

44. Recombinant baculovirus, equipped with the genetic 
information that is necessary for expression in Soodont,,, 
rruqxoerda cells of VP 2 protein of the human parvovirus B19 
one or more epitopes of proteins of other pathogenes having' 
been incorporated into said VP 2 protein. 

45. The use of virus-like particles, comprising VP2 
protein of the human parvovirus B19, one or more eoitopes of 
proteins of other pathogenes having been incorporated into 
saxd VP2 protein, said particles having been formed in 
Soodo orPr* fruaip erda cells which by means of a baculovirus 
expression vector system have been equipped with the genetic 
information that is necessary for expression of the modified 
VP2 protexn, in an assay for detecting antibodies directed 
against the incorporated epitopes in a sample to be tested 
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47. A vaccine preparation, comprising virus-like 

' IntT^ 5 ; C ° mPriSin9 W2 ot the human parvovirus Bl 9 

° " hl t *" Pr °" ln »»• « »™ epitopes of proteins of 

b en'forl: 9 " 6 : T ±B °°™°™'*- Panicles have 

been formed in Sp^p^ i^.^t^ eellj „. ich means 

baculovrrus egression vector system have been equipped with 
the genetrc information necessary for expression of * the 
modified VP2 protein, in combination with one or more carriers 
and/or adjuvants suitable for vaccination purposes, for 
rnducrng an immune response which provides protection against 
these other pathogenes . gainst 

48. The use of virus-liKe particles, comprising VP2 

protein of the human parvovirus Rio ( „-„ u-\ 

parvovirus B19, mto which VP 2 protein 

inc e o:; 0 :: t r ; d epi n op r of proteins of ° ther ».« 

ncorporated, whrch particles have been formed in Soodon f .. P 
cells which by means of a baculovirus ef^etiof 
vector system have been equipped with the genetic information 
that is necessary for expression of the modified VP2 protein 
for inducing an immune response which provides protection 
against said pathogenes. 
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